ABSTRACT: In the Helgoland region eight subhttoral hard substrate communities occur. These communities were stationary in time during the years 1987-1989. The major governing parameters are the available amount of daylight and the degree of exposure to water movement. In the photic zone, three communities are met with, one of which is widespread and appears to be independent of the exposure to water movement. Under exposed conditions, at the lower border of the photic zone, a second community is observed. A third community is estabhshed on erosive muschelkalk substrates. In the aphotic zone also, three communities are found. The distribution of these communities is related to the rate of water movement. One community is divided into three variants, with different preferences regarding the angle of inclination and nature of the substrates. In the artificially constructed harbours, where sedimentation exceeds erosion, two different communities have setfled. In the community under moderately sheltered conditions many species are found which also occur in the natural photic zone. Under extremely sheltered conditions a group of species has become dominant which is very rare in the Helgoland region outgide the quay-walls but which has been described as being characteristic for sheltered localities elsewhere.
INTRODUCTION
Although many investigations have been performed in the Helgoland region, the sublittoral communities on hard substrates have been largely neglected until now. Recent investigations on rocky eulittoral communities were carried out by Markham & Munda (1980) , Munda & Markham (1982) and Janke (1986) . Sublittoral studies were started by Caspers, who made inventories of the fauna of the "Tiefe Rinne" (Caspers, 1938) , oysterbanks (Caspers, 1950) , and buoys (Caspers, 1952) . Investigations on the development of sublittoral communities were carried out by Anger (1978) and Harms & Anger (1983) . Sublittoral algae were studied by Lfining (1970) and Kornmann & Sahhng (1977) .
Subhttoral benthic communities are subjected to stable environmental parameters and are thus assumed to have a predictable specific composition. This would make them particularly useful for the detection of short-term disturbances in the marine ecosystem. In order to use benthic communities for ecological monitoring, a reproducible description of both the communities and the environmental parameters must be available. Reproducibility makes demands upon the methods of investigation. In the first place, communities must be studied as a whole. Many of the publications on marine hard substrate communities deal with only one particular taxonomic group, for example algae (L(ining, 1970) or Polychaeta (K16ckner, 1976; Gillandt, 1979a Gillandt, , 1979b . Secondly, the data must be quantified as much as possible. Studies on sublittoral hard substrate communities as a whole are often qualitative (Hiscock & Hiscock, 1980; KSnnecker & Keegan, 1983) . The main benefit of quantitative studies-is the .description of communities by means of characteristic species (common species, but restricted to just one community) and dominant species (occurring in more communities, but abundant in just a few communities). Examples of such quantitative studies on marine hard substrate communities are: Gislen (1930) , Van Soest & Weinberg (1981) , Kaandorp (1986) , De Kluijver (1989) and De Kluijver et al. (in prep.) .
Helgoland is situated in the German Bight some 50 km from the nearest mainland (Eiderstedt). Because of its isolated position, the marine environment around Helgoland displays an offshore character. For the major part of the year it is under the influence of the North Sea water body (Martens, 1978) , which guarantees a relatively constant environment. Despite the inflow of fresh water with diluted pollutants into the southern North Sea and the eastern German Bight from the rivers Westerschelde, Maas, Rhine, Elbe and Weser (Korringa, 1968; De Ruijter et al., 1987) , the area around Helgoland must be considered relatively unpolluted compared to more inshore locahties in the southern North Sea.
MATERIALS AND METHODS

Sampling
Hard substrate biota were sampled at 80 stations, distributed over 14 localities (Fig. 1) . In Table 1 , the characteristics of the stations are shown. The depth of a station is given relative to Mean Sea Level (between high and low tide). In general, the biota are composed of different structural layers. In the studiec~ area, a distinguishable top layer (TL) of thalli of brown algae of the genus Laminaria may be developed. A middle layer (ML) is formed by organisms growing erect from the substrate, but which do not belong to the top layer. This layer also contains the epiphytic, epizoic and endozoic organisms. The encrusting layer (EL) consists of organisms adhering to the substrate.
In each different structural layer, the percentage cover of the vertical projection of all sessile organisms was estimated, using a quadrat of 50 x 50 cm. Vagile organisms were scored qualitatively at all stations, but were not used for cluster analysis.
Minimal sampling area
In order to obtain a representative sample, 3 to 4 quadrats of 50 x 50 cm were sampled at each station. The minimal samphng area required was determined for station 2 (West Seite -9.9 m), by sampling 10 quadrats of 32 • 32 cm. Data were processed using the program MINAR (Kaandorp, 1986) with logarithmically transformed data. The algorithm and transformation used in this process were the same as those used during cluster analysis. Similarity was plotted as a function of the sampled surface (Fig. 2) . Weinberg (1978) suggested a similarity level of 0.70 at which the minimal area is obtained. This level is reached within 2 quadrats (20.5 dm2).
The size of the used quadrats does not influence the minimal sampling area. Figure 3 shows a computer simulation for reaching these minimal sampling areas for different quadrat sizes both in a homogeneously and a patchily distributed community. Although the minimal sampling area is independent of the quadrat size, it is larger in a patchily distributed community than in a homogeneously distributed community. Station 2 is dominated by the anthozoan Metridium senile, a species which tends to occur in a patchy distribution. The area of 3 to 4 quadrats of 50 x 50 cm (75-100 dm 2) is therefore certainly sufficient to yield a representative sample of the communities off Helgoland.
Environmental parameters
The submarine daylight was measured using a relative "Underwater Hemispherical Irradiance Meter" (UHIM) described by Weinberg (1979) . The spectral sensitivity of the UHIM (peak value 480 nm; band-width 60 nm) roughly corresponds to the transmission characteristics of water. From the measurements in midwater, the vertical extinction coefficient (k in m -t) was calculated, using the Lambert-Beer law [Eq. (1)] for monochromatic light.
From measurements at the stations and at the same depth in midwater, the station coefficient (sc in %) of each station was obtained.
The exposure of the sublittoral communities to water movement was determined in two ways. For some stations, the rate of exposure was related to the erosion of gypsum blocks. The erosion value is expressed as the average weight loss of four gypsum blocks (g-h -I) during one lunar day (24.45 h). A description of this method, including a mathematical framework, is given by De Kluijver & Kaandorp (in prep.) method, which was performed for all stations, used the sediment characteristics as an indicator of the exposure to water movement. In order 'to determine these sediment characteristics, samples of about 100 g of the upper 1 cm layer of the sediments were sieved through 7 graded sieves (2.8-0.053 ram). The characteristics were expressed as the proportional contribution of the dry weight of the different sieved fractions. The contribution of the various fractions was analysed with non-transformed data, using the computer programs CLUSTAN1C2 (Wishart, 1978) and SRTORD (Kaandorp, 1986) . The lower marginal value of the smallest characteristic fraction was used as an indication of the current velocity. The potential sedimentation in the communities was measured using sediment traps. As advised by Bloesch & Burns (1980) , simple cyhnders were used with an inner diameter of 11.7 cm. Because of the bottom relief, the ratio of length to diameter was restricted to 5 : 1. Sedimentation was expressed in g-m -2. d -1, dry weight, measured over 21 days.
Temperature was measured using a modified mercury thermometer (Weinberg, 1979) . Both the surface and bottom temperature were measured at each station. Additional data were obtained from the weather station Helgoland.
Cluster analysis and inverse analysis
For the cluster analysis, the percentage cover of all sessile organisms of the quadrats of a station was averaged. This yielded a data table of 80 stations and 142 sessile species. Before analysis, all data were logarithmically transformed using Eq. (2); in which x is the percentage cover and T(x) the transformed value.
The cluster analysis was carried out uslng the computer program CLUSTAN1C2 (Wishart, 1978) . The Average Linkage method (Sokal & Michener, 1958) was used in combination with the Bray-Curtis coefficient [Eq. (3)].
Ixi-vil
This combination of algorithm and coefficient leads to reproducible results (Shin, 1982; Kaandorp, 1986; De Kluijver, 1989; De Kluijver et al., in prep.) . In addition to the normal analysis an inverse analysis was performed, which procures information about the composition of the clusters. With the program SRTORD (Kaandorp, 1986) , the distribution of the quantities of the species over the clusters was calculated. Characteristic species were distinguished at a concentration level of 90 % within a community. Dominant and characteristic species must be present in at least 67 % of the stations with the community concerned.
For comparison, the data were also analysed using the program TWINSPAN (Hill, 1979) , with the following input parameters: for pseudospecies the cut levels 0.0, 2.0, 5.0, 10.0 and 20.0 were used, and all weights for levels of pseudospecies were set to 1, without indicator potentials for the cut levels.
RESULTS
Cluster analysis and inverse analysis Figure 4 shows the dendrogram resulting from cluster analysis, the ordered diagrams resulting from the inverse analysis are given in Tables 3, 4 , 5, 6 and 7. Three main groups of stations can be discriminated using the fixed stopping rule. The first cluster (A, B and C) consists of stations sampled in the photic zone, between 2.1 and 10.8 m, dominated by algae. The second cluster (D, E and F) is formed by stations sampled in the aphotic zone, between 6.3 and 22.9 m. The third cluster (G and H) is sampled in the sheltered, artificially constructed, Vor-and Siidhafen, between 4.2 and 7.4 m.
A further division, using the variable stopping rule, yields 8 meaningful clusters which can be regarded as subhttoral communities on account of species composition and differences in the environmental parameters. The variable stopping rule is preferred to the fixed stopping rule, because it allows differences in the mosaic composition of the species in the different communities, which lead to different similarity levels.
Environmental parameters
The southern North Sea water mixes with fresh water supplied by the rivers Elbe and Weser, which causes a decrease in salinity towards the coast. During spring, the salinity of the surface water at Helgoland may decrease to 30-31%o S, while during wintertime the salinity may increase to 34 %o S (Hagmeier, 1930) . The annual changes in temperature of the surface water ranges from 2 ~ to 18~ (Lfining, 1985) . Salinity and temperature values for 1986 are given by Gillbricht (1987) . The fluctuations of salinity and temperature at greater depths (Tiefe Rinne, 50 to 60 m) are smaller than in the surface layer (K16ckner, 1976) .
The current pattern around Helgoland is strongly influenced by the geomorphology of the sea bed. Integrated measurements of the total amount of water movement, using gypsum blocks, were performed during July 15-16, 1987 on a calm day. The west side of Helgoland is the most exposed (0.14-0.16 g' h-1), followed by the Nordreede (0.14 g. h-l) and Dfine-Kalberdans and Vorhafen (0.10 g-h-1). In shallow places (station 3, West Seite, depth 6.0 m), this value rapidly increased during stormy weather conditions. Measurements during July 23-24, 1987 (westerly wind, force 4-5) show erosion values of 0.28 g. h -1. The prevailing winds around Helgoland are westerly (Fig: 5) . The influence of wind induced water movement can almost be neglected at a depth of half the wave length ( Van Straaten, 1973) .
The current velocity also influences the particle size of deposited material. Cluster analysis of 88 sediment samples yielded a dendrogram with 7 different types of sediments. The result of the inverse analysis is given in Table 2 . The sequence in the ordered diagram is that of decreasing dominance of the coarse fractions. Sediment type I is characterized by a dominance of the coarse sand fraction (2.8-1.4 ram), while type VII is characterized by the dominance of silt and clay fractions (< 0. Figure 6 , the proportional contribution of the dry weights is plotted against the different fractions. mm, while in the artificial environment the lower limit of the characteristic fraction is generally smaller than 0.05 ram. This implies that in the natural environment erosion takes place, while in the harbours sedimentation occurs. Light-penetration is strongly influenced by seasonal changes and weather conditions (Lfining & Dring, 1979) . Figure 7 shows the lowest values of the vertical extinction coefficient measured in July 1987. Localities on the relatively shallow east side of Helgoland show higher values of the vertical extinction coefficient than localities on the west side. Through stirred up sediments and erosion products, the vertical extinction coefficient increased to 0.59 m -1 during stormy weather in July 1987.
Around Helgoland, three main types of natural hard substrates occur: red sandstone, muchselkalk and hmestone facies (Wills, 1968) . Two additional types of artificial substrates were sampled: concrete at Kringel and in the Vorhafen, and iron in the S/idhafen. Table 4   Table 5   Table 6   Table 7 S 0 * 0 * O The sublittoral communities
In the dendrogram (Fig. 4) , eight subhttoral communities, forming three main groups, are distinguished. The contribution of different taxa to the community composition, split up for the different structural layers, are hsted in Table 9 . Species characteristic of both the natural offshore environment and the artificially created harbours are listed in Table 3. Species restricted to the photic and aphotic zone in the natural environment are given in Table 4 . Table 4 . Ordered diagram resulting from the inverse analysis for species restricted to the natural environment. For an explanation of the abbreviations and symbols, see Table 3 Community: 
Communities restricted to the photic zone
The first main cluster (A, B and C) is composed of three communities. Table 5 shows the ordered diagram for this cluster. All communities are dominated by algae in the middle layer. The cluster does not possess many collective red algae restricted to this cluster, because most of the dominant algae also occur in the sheltered Vorhafen, e.g. the red algae Polysiphonia urceolata, Phyllophora pseudoceranoides, Ceramium rubrum and Ceramium deslongchampsii (cf. Table 3) .
Community A is found at the localities Nordreede-West, Diine-Kalberdans, West Seite, Kringel, Nordhafenknoll, Nordmole and Skittgatt. With the exception of a deep station at Skittgatt (10.8 m), all stations possess a well developed top layer of the brown Table 5 . Ordered diagram resulting from the inverse analysis for species restricted to the photic zone in the natural environment. For an explanation of the abbreviations and symbols see Table 3 Community: Helgoland and D~ne, ranging from 4.7 to 10.8 m. The community is found on sloping substrates (5-30~ composed of red sandstone, hmestone and concrete. The exposure to water movement strongly varies with the topographic position in relation to the prevailing winds. Sediments available on the substrates belong to the types II, IV and V. On the west side of I-Ielgoland mainly type II is found, while on the localities between the islands Helgoland and Dfine only types IV and V are found. The stations with a well developed top layer extend on the east side of the islands to a depth at which I7 % of the surface light intensity is available and on the west side to a depth at which 13.5 % is available. The station at Skittgatt, lacking a top layer, receives only 5.5 % of the surface light intensity. The amount of dayhght received by the middle layer is strongly influenced by the development of the top layer and the slope of the substrate. The station coefficient in this layer varies between 4 and 87.5 %. Community B is found at the locahties Kringel and Hamburger Loch. A top layer is lacking. The middle layer is mainly formed by tubicolous organisms, the red alga Phyllophora trail11, the hydrozoan Sertularia cupressina and the tunicate Sidnyum turbinatum. The bryozoan F.lectra pflosa is found epiphytic and epizoic on the other organisms. The encrusting layer is dominated by bryozoans (dominan t species: A1cyo-nidium myti11). There is hardly any bare substrate left. The community occurs at the top of sublittoral cliffs on the exposed west side of Helgoland at the lower limit of the photic zone, between 9.2 and 10.0 m. The lack of a canopy of Laminaria hyperborea in this community is caused by the diminished hght intensity at this depth (see also Liining, 1970 . Because of its greater depth, the influence of wave-induced water movement is of less importance. The sediments found in this community belong to the coarse types I, II and III, indicating a stronger tidal current than at the stations of community A. The substrate is composed of red sandstone and limestone. The amount of daylight received by the middle layer varies between 16 and 20 %, depending on the angle of inclination of the substrates (10-70~ Community C is sampled at the location Dfine-Wittkliffbrunn, between 2.1 and 3.7 m. This community possesses a well developed canopy of the brown alga Laminaria hyperborea. The middle layer is hardly developed; only Laminaria hyperborea and the epiphytic growth form of Electra pilosa occur in substantial quantities. A characteristic species of this community is the sponge Esperiopsis fucorum. The encrusting structural layer is, hke the middle layer, hardly developed. This is probably caused by the nature of the substrate, which is composed of the erosive muschelkalk. The angle of inclination of the substrates varies between 5 and 25~ The sediments belong to type II. The amount of daylight received by the top layer varies between 37 and 57 % of the surface hght intensity. The middle structural layer only receives i0 % of this irradiance.
Communities restricted to the aphotic zone
The second main cluster (D, E and F) is also composed of three sublittoral communities (cf. diagram in Table 6 ). Dominant collective species of all three communities are tubicolous organisms, the polychaete Pomatoceros triqueter, the anthozoan Alcyonium digitatum and the encrusting alga Phymatofithon sp.
Community D is found at the localities West Seite, Kringel, Repulsegrund, Nordmole, Sellebrunnknoll, Nordhafenknoll, Hamburger Loch and Dfine-Sfid between 6.3 and Table 6 . Ordered diagram resulting from the inverse analysis for species restricted to the apho~c zone in the natural environment, For an explanation of the abbreviations and symbols see Table 3 Community: 17.3 m. The community lacks a top layer of brown algae. The middle layer is dominated by the anthozoan Metridium senile, the bryozoan Flustra foliacea or tubicolous organisms. The encrusting layer is formed by bryozoans and encrusting red algae. Sediments found in this community belong to the types I, II, III and V. The community is estabhshed at relatively shallow depths (6.3-7.3 m) on vertical cliffs formed by gullies in the abrasion terraces and at greater depths (9.9-17.3 m). The substrates consist of red sandstone and hmestone, sloping between 5 and 100 ~ The amount of daylight received by this community in the gulhes amounts to 5.5 % and varies between 2 and 20.5 % at greater depths. There are no characteristic species of this community. On account of species abundance, this heterogeneous community can be divided into three physiognomic variants:
The first variant is dominated by the anthozoan ?r senile {Pig. 8 Community E is found at the localities Nordmole, Dfine-Sfid, Nordreede-West, West Seite, Repulsegrund and Steingrund, between 10.2 and 22.9 m. A top layer is not developed in this community. The middle layer is dominated by the polychaete Pomatoceros triqueter. Other dominant species are the octocoral Alcyonium digitatum and the anthozoan Metrich'um senile. The encrusting layer is formed by the red alga Phymatoh'thon sp. but also many bryozoan species are found in this layer. The sediments belong to the types II, III and V. The substrate is composed of red sandstone and limestone. The stations are sampled on nearly horizontal substrates (0-30 ~ and on vertical sides of boulders (60~ The amount of dayhght received by the community varies between 0.5 and 16 % of the surface intensity. Table 7 . Ordered diagram resulting from the inverse analysis for species restricted to the artificially created harbours, For an explanation of the abbreviations and symbols see Table 3 Community:
Barnacles ( Table 8 . Ordered diagram of the distribution of the vagile organisms over the different communities. The abundance is expressed as percentage presence over the stations of a community. Abbreviations: Cr -Crustacean, Ch -Chelicerate, Ech -Echinodermate, M -Mollusc, Pi -Pisces, PPolychaete
Archidoris pseudoargus (M) Ctenolabrus rupestris (Pi) Carcinus maenas (Cr) Asterias rubens (Ech) Ectn'nus esculentus (Ech) Rissoa parva (M) Gibbula cineraria (M) Cancer pagurus (Cr) Acanthodoris pflosa (M) Myoxocephalus scorpius (Pi) Nymphon rubrum (Ch) Caprella sp. (Cr) Macropodia rostrata (Cr) Hyas araneus (Cr) Homarus gammarus (Cr) Pholis gunnellus (Pi)
Dendronotus frondosus (M) Janolus cristatus (M) Coryphella pellucida (M) Lepidonotus squamatus (P) Gadus morhua (Pi) Syngnathidae (Pi)
Pleuronectes platessa (Pi) Zoarces viviparus (Pi) Crossaster papposus (Ech) (10-20 ~ and vertical sides of boulders (65~ The amount of dayhght varies between 6 and 11.5 % of the surface intensity.
Communities restricted to artificially constructed harbours
The last main cluster (G and H) consists of two communities sampled in sheltered harbours in the south-east of Helgoland. Table 7 shows the ordered diagram for this cluster. Characteristic species of both communities are barnacles and the tunicate
Botzyflus schlosseri.
Community G is restricted to the Vorhafen. Most stations are sampled on vertical concrete quay-walls between 6.1 and 7.4 m. One station is sampled at red sandstone on the bottom, with an angle of inclination of 5 ~ The community does not possess a top layer.
The middle layer is dominated by tubicolous organisms and the tunicate Ascidiella aspersa. Characteristic species are the tunicate Clavelina lepada'formis, the red alga Trailh'ella intricata and the sponge Hafichondria bowerbanki. The encrusting layer is dominated by the red algae Phyrnatolithon sp. and Hildenbrandia rubra. The amount of daylight received by the community varies between 6.5 and 10 % of the surface intensity. Sediments on the bottom of the harbour belong to the types III, V and VI.
Community H is restricted to the sheltered Sfidhafen. The stations were sampled on vertical surfaces of iron poles, between 4.2 and 5.1 m. A top layer is missing. The middle structural layer is dominated by tubicolous organisms, barnacles, the tunicate Botryllus schlosseri and the characteristic tunicates Ascidiefla aspersa and Ciona intestinalis (Fig. 10) . Other characteristic species are the ctenostome bryozoan Bowerbankia sp. and the anthozoan Sagartiogeton undatus. The sediment on the bottom of the harbour belongs to the fine types VI and VII. Table 8 shows the distribution of the vagile organisms over the different communities. In the communities with the highest number of sessile organisms (the widespread algal dominated community A and the heterogeneous community D, see Table 9 ), the highest number of vagile organisms were found. Communities which accomodate only small numbers of vagile organisms were the other algal dominated communities (B and C) and the communities restricted to the artificially constructed harbours (G and H). Especially community H, in the sheltered Sfidhafen, houses very few vagile animals. It should be kept in mind that these vagile animals were only recorded within the quadrats of the stations. As these animals are vagile, only a faint idea of the real abundance of these organisms is given by these records.
DISCUSSION
The first division in the dendrogram (Fig. 4) divides the communities into two groups, viz.: communities in the natural environment and in an artificially constructed environment. The main difference between both is caused by the exposure to water movement and subsequently by differences in sedimentation.
In the natural environment the sublittoral hard substrate communities of Helgoland are determined by two major abiotic parameters and two modifying ones. The available amount of dayhght restricts the depth of the photic zone. In this zone the communities are dominated by algae in the top and middle layer. As stated by Liining & Dring (1979) , the turbidity of the waters and thus hght conditions in the Helgoland region are extremely variable during different seasons. Algae dominated communities were found down to depths at which 10 % of the surface hght intensity was available (De Kluijver, 1989; De Kluijver et al., in prep.) . As the exposure to water movement strongly varies with the topographic position in relation to the prevaihng winds, this parameter cannot be considered as a regulator in the photic zone. The nature of the substrate is, however, a modifying parameter. Erosive substrates lead to poor development of the middle and encrusting structural layers. The other communities in the natural environment are restricted to the aphotic zone. Encrusting algae may be present, but algae in the middle layer are of minor importance. Community E, dominated by the polychaete Pomatoceros triqueter, is probably the most widespread community in deeper waters in the Helgoland region (K15ckner, 1976; Anger, pers. comm.) . Under more exposed conditions on the west side of Helgoland, the heterogenous community D is found. The three variants display different preferences regarding the angle of inchnation and nature of the substrates. In the direction Nordreede, between Helgoland and Dfine, community E grades into community F. The distribution of the sediments indicates a decrease in current velocity, and the tidal currents seem to be forced around the west side of the collective base of the islands, instead of passing through the shallow passage between the islands. The main difference between communities E and F is the composition of the encrusting layer and the abundance of the polychaete Pomatoceros triqueter in the middle structural layer.
The last two communities are located in the sheltered Vor-and Stidhafen, an environment where sedimentation exceeds erosion. The community in the Vorhafen (G) also contains faunal and floral elements that are common outside the quay-walls in the natural environment. Some of the dominant and characteristic species of community H inside the extremely sheltered Sfidhafen (for instance the anthozoan Sagartiogeton undatus and the tunicates Botryllus schlosseri, Ciona intestinalis and Ascidiefla aspersa) have been described as characteristic of the tideless salt water lake Grevelingen in the south-west Netherlands (De Kluijver, 1989) . The tunicates, characteristic of sheltered environments, are able to create their own water movement, necessary for their food supply (Hiscock, 1983) . Moreover, these species are able to survive at low levels of dissolved oxygen (Buizer, 1983) . Suspension feeders (e.g. Metridium senile, Pomatoceros triqueter and Flustra foliacea), dominant in the exposed communities, are dependent on tidal currents for their food supply (Hiscock, 1983) . This distribution is clearly seen in Table 9 . A community dominated by Metridium senile has been found in the exposed mouth of the Oosterschelde estuary, south-west Netherlands (De Kluijver, 1989) .
Although the communities are governed by the environmental parameters, many biotic interactions within the communities are also expected to be of importance. The first example of these biotic interactions are competitive interactions. Although definite proof is lacking, competitive interactions are hkely to occur in the different structural layers of all communities (e.g. competition for space between Phymatoh'thon sp. and Hildenbrandia rubra, encrusting red algae and bryozoans; the overgrowth of Pomatoceros triqueter by bryozoans, especially in community E [see also Rubin, 1985] ; and competition for food). More examples are given by Moore (1983) . All these interactions, however, take place under conditions created by the environmental parameters. For example, an encrusting layer only develops under conditions with low potential sedimentation. This again depends on the water movement and input of suspended matter. Light intensity determines whether algae or bryozoans dominate this layer. When an encrusting layer develops under these conditions, it is irrelevant for the community structure which particular species occupies the substrates.
The second example of biotic interactions is the effect of vagile predators, including grazers, on community structure. One of the effects of predation is the reduced prey density. This may influence species richness and stability properties of the community (Hughes, 1980 (Hughes, , 1985 . The distribution of vagile organisms ( Ecln'nus esculentus and the goldsinny Ctenolabrus rupestris) are distributed over a wide variety of communities. The occurrence of the same predators in the photic and aphotic zone indicates a wide dietary preference. In the sheltered Sfidhafen, community H, the low richness of sessile organisms (number of species = 33) is probably not caused by a low predator intensity (n = 3). Comparing this community with other regions, the same community is found in the tideless lake Grevehngen in the south-west Netherlands (De Kluijver, 1989) . In the Dutch situation, 22 vagile organisms were recorded within this community. The only species found at both locahties is the shore crab Carcinus maenas, a real opportunist with a preference for the mussel Mytilus edulis (Hughes, 1980) . However, Mytflus edulis is not found in community H. All these aspects indicate that instead of regulating the subhttoral communities, the vagile organisms in the studied locahties depend themselves on the distribution of their prey organisms and on the environmental parameters.
Evaluation of methods
The quadrat sampling techniques and cluster analysis led to reproducible results. On the basis of the results of 1987, seven subhttoral communities were described. According to the completed data-set covering the stations sampled in 1988 and 1989, these communities did not change and were found to occur furthermore at the new stations (cf. Table 1) . A new community in the S/idhafen was sampled.
Similarly, the sediment characteristics did not change during these years. The use of these characteristics as an indicator of the tidal current velocity delivers the same results as those gained from the experiments using the gypsum blocks (Table 10) . Both methods provide a relative scale which makes it possible to compare the total amount of water movement at the different stations. In this study, the sediment characteristics provide a more accurate scale, but for comparison of these communities with those in other environments, for instance in estuaries where sedimentation exceeds erosion, the use of gypsum blocks (or another method) is necessary.
The data analysis using the computer program TWINSPAN yielded the dendrogram of Figure 11 . Communities E, F, G and H are not affected by the other cluster method. The Despite all the advantages of TWINSPAN (Hill, 1979) , the older CLUSTAN program is to be preferred, because the similarity between the stations is a fixed value, independent of new data input. This gives a more stable result when new data are added. Moreover, TWINSPAN does not give levels for new divisions. As similarity levels within different communities are not the same (e.g. compare community D [similarity level 0,45] and community H [similarity level 0.69]), it is difficult to decide where to stop new divisions.
